The surge in dopamine in ventral striatal regions in response to drugs of abuse and drug-associated stimuli is a final common pathway of addiction processes. GABA B agonists exert their effects indirectly, by quieting dopaminergic afferents. The ability of the GABA B agonist, baclofen to ameliorate nicotine and drug motivated behavior is established within the animal literature, however its potential to do so in humans is understudied, particularly with respect to its possible utility as a smoking cessation agent.
Introduction
Cigarette dependence is the most common form of chemical dependence in the nation and is as addictive as heroin, cocaine, or alcohol (Centers for Disease Control and Prevention, 1994) . The list of debilitating and/or fatal diseases that are worsened by or attributed to cigarette smoking continues to grow (Foundation for a smoke-free America, 2000; Cancer Facts and Figures, 2004) . Quitting greatly reduces the risk of premature death related to lung and other types of cancer, coronary heart disease, stroke and numerous other illnesses (The Health Benefits of Smoking Cessation. A Report of the Surgeon General, 1990) . However, quitting is not easily accomplished-70% of smokers want to quit each year (American Cancer Society, 2004) but less than 7% succeed (Baillie et al., 1995; Hughes et al., 2003) .
Based on consistent preclinical studies over the last 30 years it is believed that the dopamine surge in the ventral striatum in response to addictive drugs and stimuli (cues) previously and repeatedly 'paired' with the drug leads to drug-motivated behaviors (Cardinal et al., 2002; Di Chiara, 1995; Koob, 1992) . Similar findings are now being replicated in humans. At least two studies reported that cocaine cues elicit craving and increased dopamine release in the striatum of cocaine addicted individuals (Volkow et al., 2006; Wong et al., 2006) . Boileau and colleagues showed that three administrations of amphetamine within the same environment produced conditioned dopamine release in the ventral striatum accompanied by amphetamine-like behavioral responses (Boileau et al., 2007) . Further support for the role of dopamine is provided by Franklin and colleagues wherein both brain and behavioral responses to smoking cues were modulated by genetic variance in the dopamine transporter (Franklin et al., 2008) a key component regulating the dopamine system (Jaber et al., 1997) .
It is theorized that GABA-ergic agents reduce dopamine availability in the ventral striatum Dewey et al., 1998; Gerasimov et al., 2001) , thereby preventing the self-administration of psychoactive drugs Roberts and Brebner, 2000) . These effects are reversed by GABA B antagonists demonstrating specificity (Xi and Stein, 1998; Xi and Stein, 1999) . The mechanisms are still under investigation but one hypothesis is that activation of GABA B receptors located somato-dendritically on ventral tegmental area (VTA) neurons inhibit the release of dopamine in interconnected regions such as the ventral striatum and prefrontal cortex (Koob, 1992; Mueller and Brodie, 1989; Xi and Stein, 1998) .
It is well established in the animal literature that the GABA B agonist, Baclofen is effective at reducing dopamine release and in reducing drug-seeking motivated behavior at doses that do not affect responding for food, water, or locomotor activity (Corrigall et al., 2000; Fattore et al., 2002; Markou et al., 2004; Roberts and Andrews, 1997; Shoaib et al., 1998; Spano et al., 2007; Xi and Stein, 1999) . Most recently, Fattore and colleagues reported that baclofen dose-dependently blocked nicotine-induced reinstatement of self-administration in rats and dose-dependently abolished nicotine conditioned place preference in mice (Fattore et al., 2009) .
Although studied much less in clinical settings, the results are consistent with the animal literature showing that baclofen treatment reduces motivation to use addictive drugs. Baclofen reduced drug use and craving in cocaine (Ling et al., 1998; Shoptaw et al., 2003) , amphetamine (Heinzerling et al., 2006) , and alcohol (Addolorato et al., , 2002 Colombo et al., 2004; Johnson et al., 2005) dependent individuals [Review, (Malcolm, 2003) ]. In a study examining the effects of baclofen on opiate dependent subjects, baclofen significantly increased treatment retention, decreased withdrawal symptoms, and showed a trend in reducing craving (Assadi et al., 2003) . Three case studies in alcoholics report complete remission as indexed by the absence of craving and alcohol use (Agabio et al., 2007; Ameisen, 2005; Bucknam, 2007) . A laboratory study conducted by Cousins and colleagues examined the effects of a single dose of baclofen on subjective effects of smoking in non-treatment seeking smokers. Baclofen negatively impacted cigarette enjoyment and increased feelings of relaxation, both of which may facilitate eventual abstinence and aid in relapse prevention (Cousins et al., 2001 ). To our knowledge, there are no published studies examining the effects of baclofen treatment (chronic dosing) on smoking behavior.
Baclofen is an FDA-approved GABA B agonist used for the treatment of spasticity since the early seventies (Basmajian, 1975; From and Heltberg, 1975; Taricco et al., 2000) . It does not carry a significant abuse liability , it is self-administered only minimally by rhesus monkeys or baboons (Griffiths et al., 1991; Negus et al., 2000) , and other than initial mild sedation, has few side effects (Physician's Desk Reference, 1993) . Its safety and tolerability has been confirmed in numerous studies over the years, including studies in alcoholics and cocaine addicts (Addolorato et al., 2002; Aisen et al., 1992; Johnson et al., 2005; Stallings and Schrader, 2007; Taricco et al., 2000) .
Based on the pre-clinical and clinical evidence summarized above, we hypothesized that baclofen might reduce the number of cigarettes smoked per day (CPD) in smokers contemplating quitting smoking.
Materials and methods

Subjects
The study was conducted at the Addiction Treatment Research Center, University of Pennsylvania School of Medicine-affiliated outpatient treatment center. It was approved and monitored by the University Of Pennsylvania School of Medicine Institutional Review Board, and adhered to the declaration of Helsinki. Smokers were compensated $6.00 for each appointment, $5.00 for each returned medication card, and $30.00 for study completion. Subjects were recruited by word of mouth and from a radio advertisement that specifically stated the study was for smokers who were interested in quitting but were not quite ready. Smokers were encouraged to set a quit date after the target dose was attained and maintained for 9 additional days (at three-weeks) however, setting a quit date was not required to participate in the study.
Subjects were screened, tested on study knowledge, and consented prior to psychological and physical evaluations. The Minnesota International Neuropsychiatric Interview (MINI) was used to determine current DSM-IV diagnosis of psychoactive substance dependence other than nicotine and to diagnose current severe psychiatric symptoms. Individuals with other current psychoactive substance dependence or current DSM-IV psychiatric diagnoses were excluded. Severity of nicotine dependence was determined from a laboratory-developed smoking history questionnaire that included the 6 items assessed by the Fagerstrom Test for Nicotine Dependence [FTND (Fagerstrom and Schneider, 1989) ].
During screening it was ascertained whether smokers were ready to make a quit attempt. Those who were ready to quit were referred to one of two other ongoing smoking cessation trials at the University of Pennsylvania. The sample consisted of 30 subjects per group stratified by sex, contemplating but not quite ready to quit. Subjects were physically healthy and mentally stable smokers between the ages of 18 and 60 who met DSM-IV criteria for nicotine dependence [FTND Mean and SEM: 5.66 (±0. 3), scores ranged from 1.5 (minimal dependence) to 9.5 (high dependence)]. Subjects smoked 10-40 cigarettes per day. Characteristics for randomized subjects and for study completers are listed in Table 1 . Participant disposition is shown in Fig. 1 .
Baclofen/placebo treatment regimen
Study medication was manufactured and donated by Murty Pharmaceuticals Inc., Lexington, KY. Study medication was prepared and maintained by the Institutional Drug Service (IDS) located at the hospital of the University of Pennsylvania in capsules containing 10 mg baclofen, or matching placebo that consisted of a dextrose matrix. The study physician dispensed the medication.
Approximately 15% of individuals who take baclofen experience drowsiness (Physician's Desk Reference, 1993). To minimize this side effect the dose was titrated upwards over a twelve-day period (see Table 2 for induction schedule) to a final dose of 20 mg baclofen four times a day (80 mg total). This is the recommended dose used to treat spasticity provided by the Physician's Desk Reference (1993) but is a minimum of 20 mg higher than that utilized in other studies examining the effects of baclofen on drug craving and relapse. Side effects, adherence to the dosing schedule, and cigarette smoking behaviors were monitored by the subjects using a 'Daily Diary', by study staff during biweekly telephone calls, and by the study physician at weekly medication monitoring appointments. Medication cards were collected at weekly appointments to monitor compliance. Subjects received medication for a total of nine-weeks. During the 9th week, the dose was reduced by half every other day over the course of seven days, tapering to discontinuation. No medication was administered during the 10th week (followup). Subjects met with study staff for a follow-up visit and final evaluation at Week 11. Tapering is necessary as baclofen should not be stopped abruptly after chronic use (the body adjusts to the muscle relaxant effects, and abrupt cessation can result in mus- cle spasms, or, rarely, seizures in those with a history of seizures) (Physician's Desk Reference, 1993). Study completion was defined as the date on which data was collected at full dose baclofen (at Week 9). Abbreviations: p = placebo, 10 = 10 mg baclofen, 20 = 20 mg baclofen.
Daily Diary
A Daily Diary was used to measure cigarette consumption throughout treatment. Smokers were instructed to fill out the diary at the same time each day, surrounding a daily activity such as breakfast, lunch, or dinner. On each day, they were instructed to record the date, time, whether they had taken their medication, the time each pill was taken, whether they were still smoking and how many CPD they had smoked over the last 24 h.
Adverse event monitoring
Baclofen has been used safely as an anti-spastic for many years (From and Heltberg, 1975) , but it can be associated with some sedation or drowsiness, particularly in the early dosing. Its effects are often transient and can be alleviated or eliminated by decreasing the dosage. The most common adverse reactions associated with baclofen in addition to drowsiness are daytime sedation, dizziness, weakness, and fatigue. Less common side effects include skin rash and itching, shortness of breath, problems in urinating, constipation or diarrhea, dizziness, headache, nausea, irregular heartbeat or chest pain (Physician's Desk Reference, 1993; RxList The internet Drug Index, Kemstro, Side Effects and Drug Interactions, 2008). To monitor adverse events subjects met with the study physician at weekly appointments to discuss medication issues and side effects. The physician-administered Side Effects Inventory lists 11 adverse events specifically associated with the use of baclofen and a line for 'other'. Subjects were asked to rate the severity of each of their symptoms as mild, moderate or severe.
Statistical analyses
Intention-to-treat analysis was performed. The main outcome measure was the number of cigarettes per day (CPD) acquired at study start and at weekly appointments. As there was a great deal of variability in CPD across subjects at baseline (ranging from 10 to 40), CPD was analyzed using a full generalized estimating equation (GEE) model of the log odds of CPD [sqrt (1 + CPD)] with Group × Quadratic Time effects, which allows patterns of changes in CPD to be observed in different groups. The secondary outcome measure was an assessment of craving as measured by a visual analog scale (VAS). The VAS has been used to measure craving 'at the moment' and craving occurring over longer periods of time. As the time since subjects smoked their last cigarette was unknown, and smoking alleviates craving for twenty minutes or longer, craving was assessed over the last 24 h. At study start (baseline) and at Week 9, before initiating the medication taper, smokers were asked to rate their craving for a cigarette over the last 24 h by making a vertical mark on a 100 mm visual analog scale (VAS) with 0 corresponding to No Craving and 100 corresponding to Intense Craving. Craving, and other continuous demographic variables were summarized by calculating means, standard error measurements and ranges. Analysis of variance was used to assess differences across time or groups. Nominal demographic variables were summarized by calculating proportions and compared across groups using chi square analyses. Statistical analyses were conducted in SPSS version 11.0.
Results
Treatment attrition was defined as failing to appear for the next scheduled weekly appointment. Survival analysis demonstrated that there were no differences in retention rate between baclofen and placebo groups ( 2 = 0.70, df = 1, p = 0.40).
Demographics
There were no significant baseline differences in age, sex, race, CPD, pack years (a measure to quantify intensity of chronic cigarette exposure since smoking initiation: CPD divided by number of cigarettes in a pack multiplied by the number of years smoking), FTND scores or other general characteristics in study participants. There were no differences in the above characteristics in study completers with the exception of education (See Table 1 ).
Primary outcome measure, CPD
At study start baclofen-treated subjects smoked 20.5 ± 2.1 CPD versus 8.1 ± 1.2 at Week 9. Placebo-treated subjects smoked 20.8 ± 1.4 CPD at study start compared to 11.7 ± 2.7 at Week 9. Fig. 2 illustrates a significant medication by time effect (ˇ= 0.01, t = 1.97, p < 0.05). Note that there is a steeper descent in CPD in the baclofen group followed by a flattening out, which occurs at approximately three-weeks into the study when the full dose had been maintained for over one week. places. Smokers were tapered off medication during the 10th week. Week 11 was follow-up (Fig. 2) .
Craving
Paired t-tests of the change in craving scores measured by the VAS within groups administered at baseline and at Week 9 showed that craving for cigarettes was significantly reduced in both treatment conditions (data not shown). Means and SEMS: Baclofen (baseline, 52.5 ± 8.9 versus Week 9, 30.3 ± 7.0, p < 0.007); and placebo (baseline, 53.1 ± 6.9 versus Week 9, 34.0 ± 6.0, p < 0.008). Craving scores at baseline and at Week 9 between baclofen and placebo groups were not different (p < 0.34 and 0.48 respectively).
Side effects
A 2-tailed t-test demonstrated a lack of differences between groups in side effects possibly study-related (p < 0.07), unlikely study-related (p < 0.3), or not study-related (p < 0.09). As sedation or drowsiness is the side effect most often reported, sedation was analyzed separately. There were no differences in sedation possibly study-related (p < 0.10), unlikely related (p < 0.17), or not related (none were reported in either group). In the baclofen group there were 20 mild, 4 moderate and 0 severe reports of sedation. In the placebo group there were 4 reports of mild sedation and 0 report of either moderate or severe sedation.
Discussion
The primary objective of this study was to systematically assess the ability of baclofen to reduce cigarette consumption in smokers, prior to conducting further clinical trials. Here, we report that baclofen, administered at higher doses than those used in prior studies examining its anti-craving or anti-relapse potential, significantly reduced the number of cigarettes smoked per day (CPD) in a smoking reduction trial. This is consistent with the human literature examining the effects of baclofen on drug-motivated behavior. Chronic administration of baclofen has shown potential for reducing drug-motivated behaviors including craving and relapse in opiate (Assadi et al., 2003) , cocaine (Gudeman et al., 1997; Ling et al., 1998) , and alcohol Agabio et al., 2007; Ameisen, 2005; Colombo et al., 2004; Johnson et al., 2005) addicted individuals. One human laboratory study examining the effects of baclofen on smoking behavior has been published. In this study, an acute dose (20 mg) of baclofen dose changed the taste of the cigarette, making it less palatable (Cousins et al., 2001 ). The present report supports previous studies and suggests that this readily available, inexpensive and easily tolerated medication might be a valuable smoking cessation aid. As at least one other trial of baclofen for smoking cessation (Tennegi, Squassante, Milleri, and Bye, personal communication, 2004) using 30 mg/day showed no effects on smoking, craving or withdrawal symptoms, our data suggest that higher doses may be more beneficial for smoking cessation. In agreement with Aisen and colleagues who confirmed the safety and efficacy of high dose baclofen (Aisen et al., 1992) , there were no differences in side effects between groups.
The results reported here are also consistent with the animal literature. At least 16 preclinical studies have examined the effects of baclofen on drug-seeking motivated behavior and dopamine release, several of which were nicotine studies (Corrigall et al., 2000; Fadda et al., 2003; Fattore et al., 2002; Markou et al., 2004; Paterson et al., 2004; Xi and Stein, 1998) . Most recently it was shown that nicotine-induced reinstatement was dose-dependently attenuated by baclofen (Fattore et al., 2009) . Replicating other preclinical studies, Fattore and colleagues demonstrated that baclofen reduced nicotine-reinforced behavior at doses that do not affect responding for food, water, or locomotor activity, suggesting that it is not sedating and does not disturb normal activities (Roberts and Andrews, 1997; Roberts et al., 1996; Spano et al., 2007) .
Despite the small sample size, most of the demographic variables are equivalent between groups. At study start the composition of smokers was 50% European American, which is lower than that found in other smoking cessation trials. This is most likely a function of the location of the Addiction Treatment Research Center where the study was conducted. We are located in West Philadelphia, which is predominantly composed of an African American population. Interestingly, there was higher attrition in European Americans compared to African Americans. This may also be a function of location as more European Americans had to travel to the center compared to African Americans who lived within walking distance.
Both baclofen-and placebo-treated groups reported a reduction in craving for cigarettes without significant differences between groups. As baclofen demonstrates anti-craving properties in alcohol and other studies it might be expected that baclofen-treated smokers would crave less. However, we, and others have shown that self-reported craving is an unreliable predictor of behavior (Robbins et al., 1997; Tiffany and Carter, 1998) and evidence suggests genetic variability in the ability to correctly identify craving may underlie this apparent contradiction. We recently demonstrated that genetic variance in the dopamine transporter (DAT) SLC6A3 gene has a strong influence on subjective craving responses and brain activity in reward-related brain circuitry (ventral striatum/amygdala/orbitofrontal cortex). Craving in response to smoking cue exposure in individuals carrying a 9-variable number of tandem repeats (VNTRs) polymorphism of the DAT gene did not correlate with brain activity while robust correlations were observed in smokers homozygous for the 10-VNTR (Franklin et al., 2009 ). Although untested thus far, we suggest that carriers of a 9-VNTR are unable to correctly label craving. This genetic variability may underlie the inconsistencies in the literature regarding medication effectiveness and its ability to reduce craving. For example, clinical trials of bupropion, a front-line smoking cessation agent, are mixed with regards to its ability to reduce craving (Durcan et al., 2002; Shiffman et al., 2000; Review, Mooney and Sofuoglu, 2006) . Alternatively, the absence of differences between groups could be related to a placebo effect. It has been shown in randomized placebo-controlled smoking cessation trials that craving is significantly reduced in smokers receiving placebo as well as those receiving medication. For example, craving was significantly reduced in placebo-, bupropion-and varenicline-treated smokers while abstinence rates were approximately twice as high as placebo in bupropion-treated smokers and 3 times as high in vareniclinetreated smokers (Gonzales et al., 2006; Jorenby et al., 2006; West et al., 2008) .
The question may arise as to why we chose to conduct a smoking reduction study rather than a cessation study, even though complete abstinence is preferred. First, although smokers who seek treatment are initially strongly motivated to quit smoking, their motivation is later compromised by the desire to smoke. Attrition is high in smoking studies, especially as the Quit Date approaches. Thus the original sample is biased by the loss of this subgroup who may be a harder-to-treat group with higher dependence, have a higher probability of smoking-related illnesses, and have more anxiety related to quitting. In an attempt to minimize attrition, and maintain an unbiased study, patients were asked to set a tentative Quit Date. As the Quit Date became imminent, patients were allowed to re-evaluate their intentions and choose either to continue to try and quit or to minimize their use as much as possible.
Smoking reduction is gaining ground as a desirable treatment outcome for at least three reasons. First, some studies show that reducing smoking derives significant health benefits (Godtfredsen et al., 2005; Pisinger and Godtfredsen, 2007; Song et al., 2008) . In particular, one study showed that patients who were able to reduce CPD reduced their respiratory and pulmonary symptoms compared to those who did not reduce (Jimenez-Ruiz et al., 2002) . Further, it was shown that even a 1% reduction in smoking could prevent up to 1000 cancer-related deaths in the European Union (Groman et al., 1999) . Second, a reduction in cigarette consumption may increase the probability of subsequent successful quit attempts as light smokers have a higher success rate than heavy smokers (Lennox and Taylor, 1994; Tonnesen et al., 1996; Zhu et al., 2000) . Third, smokers who are initially unwilling to quit may become motivated by their ability to reduce (Riggs et al., 2001) .
The field is not in agreement as to whether cutting down CPD is a beneficial method of harm reduction. A meta-analysis pooled the results of thirteen controlled trials of smoking reduction, as assessed by reductions in CPD and/or reductions in biomarkers such as carbon monoxide (CO) and/or cotinine levels (Stead and Lancaster, 2007) . Changes in these biomarkers did not always distinguish treatment groups. Although several of the studies acquired measures of health status, they varied considerably across studies and there was no objective way for these to be analyzed in the metaanalysis. The results suggest that there is insufficient evidence that smoking reduction provides any long-term benefit. Even so, in light of the studies showing that reduction can lead to increased confidence in the ability to quit, and that light smokers have greater success in quitting, it may be an effective intermediary to the eventual goal of abstinence.
It is reasonable that reductions in smoking were not always accompanied by reductions in CO or cotinine levels in several of the studies included in the Stead and Lancaster (2007) meta-analysis. CO levels only provide information on recent smoking and can have limited value in a 'reduction' study. Cotinines measure the primary metabolite of nicotine and are unreliable markers of reductions because of the changes in smoking topography that may occur as smokers cut down. Smokers may decrease puff interval, increase puff volume, increase puff duration, and use vent blocking (change the way in which the filter is held) in an effort to compensate for nicotine reductions (Hammond et al., 2005; Hofer et al., 1991) . Indeed, it takes reductions in the number of CPD that are greater than half before changes in cotinine levels can be realized in some smokers. Because of the unreliability of CO and cotinine biomarkers in smoking reduction, neither of these measures was collected in this study.
One limitation regarding the clinical utility of baclofen is that it must be taken every 4-6 h. In this study smokers were compensated and monitored to increase compliance. In reality such rigorous medication management and supervision is inconceivable and its likely adherence would be difficult. Encouragingly, at least three pharmaceutical companies have recently developed extended-release formulations of baclofen, which has shown efficacy in reducing spasticity in multiple sclerosis patients (its present indication). It is expected that this formulation will receive FDAapproval and become available in the near future for use in clinical smoking cessation trials.
A common criticism of the use of baclofen for the treatment of smoking cessation or other addictions is its reputation for possessing undesirable side effects. The most common adverse reaction during treatment with baclofen is transient drowsiness. In one controlled study of 175 patients, transient drowsiness was observed in 63% of those receiving baclofen tablets compared to 36% of those in the placebo group (RxList The internet Drug Index, Kemstro, Side Effects and Drug Interactions, 2008) . Here, we observed no differences in sedation or any other side effects, which we attribute to the slow induction period during which baclofen was titrated to full dose over a period of twelve days. The practice of slowly introducing a psychiatric medication for smoking cessation or other illness, is gaining recognition as it eases the occurrence and intensity of side effects (Jorenby et al., 2006) .
Despite the abundant evidence supporting the potential utility of baclofen as an anti-relapse/anti-craving agent and the confirmed safety profile and tolerability of this FDA-approved medication Aisen et al., 1992; Colombo et al., 2000; Griffiths et al., 1991; Johnson et al., 2005; Negus et al., 2000; Stallings and Schrader, 2007; Taricco et al., 2000; Physician's Desk Reference, 1993) , this is the first published clinical treatment trial of its effects on smoking behavior. Reducing cigarette smoking rates is crucial to the health of our nation and may be hastened by exploiting existing medications such as baclofen that prove efficacious in smoking cessation treatment trials. Although these results are preliminary, they indicate the importance of further investigation into the potential utility of baclofen as a smoking cessation agent.
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